Introduction
Sport is all forms of usually competitive physical activity. This intense activity might result with injuries associated with the overload to the muscles and joints. During competitive sports activities made under tough conditions, the load over the groin is often excessive. It was suggested that groin injuries are more common in sports that require repetitive fast twisting and turning movements (eg, soccer and hockey). It is caused by muscular imbalances and weaknesses that result in an uneven distribution of forces. In this chapter, common reasons for the groin pain in athletes, namely sports hernia and osteitis pubis will be extensively reviewed and discussed.
It is estimated that groin pain occurs in 5% to 28% of athletes [1] . On the other hand, activity restricting lower abdomen and groin pain is frequent in some sports, such as soccer, accounting for 10% to 13% of all injuries per year [2] . The prevalence of groin pain may be higher in some types of sports activities involving repeated kicking and rapid change of direction, such as soccer, tennis, football, and ice and field hockey. In these higher competitive sports, the incidence may rise to 5-7% of all injuries [3] . The patients presenting with groin pain are usually highly competitive athletes pushing the limits, runners and players who are willing to achieve college auditions or top league. This is a common problem that can be career-limiting or career ending for a player and remains a serious clinical challenge for the sports physician and treating surgeon.
The most common causes of groin pain in athletes are injuries to the adductor longus, iliopsoas, and rectus femoris muscles and injury to the inguinal floor. These conditions may cause hyperextension injury, insertion tendinitis and direct hernia or bulge. Other causes of groin pain include ilioinguinal neuralgia, osteitis pubis, genitourinary sources (prostatitis, epididymitis, urethritis, and hydrocele), nerve compression, bursitis, and arthritis of the hip.
Sports hernia is the overflow of the internal organs and intestine through a particular weak point. This condition is not a complete herniation. However, due to the overuse of the muscles, this pushing movement might cause recurring pain at that area. Since, this condition occurs at every repeating movement, the athlete will eventually avoid making such movements thereby exerting negative influence on his performance. So-called Gilmore's groin, athletic pubalgia, sports hernia, incipient hernia, and posterior abdominal wall deficiency, the term ''sports hernia'' (athletic pubalgia), is described as a condition of chronic exercise-related supra-inguinal groin pain, which is associated with an incipient direct bulge of the inguinal wall whenever the abdominal muscles contract forcefully. Sports hernia is also termed as external oblique tear-occult hernia, nonspecific attenuation of the inguinal floor with cord lipoma, internal ring weakness, occult hernia, not true hernia-injury at the rectus insertion, muscular injury due to overexertion of the inguinal region, medial inguinal floor injury, deficiency of the posterior inguinal wall [4] [5] [6] [7] [8] [9] [10] [11] . This condition has been poorly understood by the clinicians [12] [13] [14] [15] .
First described by Beer in 1924, osteitis pubis is a noninfectious, self-limited inflammatory condition of the symphysis pubis involving the adjoining pubic bones, the perichondrium, and the periosteum [16] [17] [18] [19] . Osteitis pubis is known as one of the causes of groin pain, which is associated with the overuse related to kicking and running resulting in shearing stress at the symphysis. Thus, it is very common among athletes. It is also typical in sports comprising a lot of sprinting and sudden changes of direction, such as running, basketball, soccer, ice hockey, and tennis [20, 21] . On the other hand, it has been reported to complicate a variety of pelvic surgeries, including abdominoperineal resection, inguinal herniorrhaphy, endoscopic resection of the prostate, after anterior colporrhaphy, retropubic urethropexy, even after periurethral collagen injection and endoscopic inguinal hernia repair resulting from attachment of the stapler to os pubis [22, 23] .
The clinician must also consider that athletes with groin pain may have other orthopaedic and nonorthopaedic potential causes of the groin pain. The differential diagnosis is various. Muscle strain (adductor, rectus, iliopsoas), osteitis pubis, stress fracture, avulsion fracture, hip joint injury, nerve entrapment, and lumbar radiculopathy can be orthopaedic problems, such as classic hernia, appendicitis, diverticulitis, irritable bowel syndrome, adhesions, urinary tract infection, prostatitis, testicular pain, varicoceles, endometriosis, ovarian cyst, and round ligament entrapment can be non-orthopaedic conditions [24, 25] .
Mechanism of injury
The aetiology of both conditions has not been completely understood. However, excessive physical activity is assumed as the etiological factor since these conditions are quite common among athletes. Athletes with a previous groin injury history, elder athletes, players having inactive periods out of the season, and the players making sports involving only a particular part of their muscles have a higher risk [26, 27] . Various factors have been suggested for the mechanism of sports hernia. Athletic pubalgia is described as an occult hernia process or an incipient hernia, with the major abnormality being a defect in the transversalis fascia, which forms the posterior wall of the inguinal canal, and not a muscle tear [2] (Figure 1 ).
Figure 1. Abnormality being a defect in the transversalis fascia
Gilmore proposed a mechanism of injury in athletic pubalgia, that was a tear in external oblique aponeurosis, conjoined tendon tears from pubic tubercle and conjoined tendon splits from inguinal ligament (7, 28, 29) . Furthermore, Meyers et al. [30] suggested that the primary mechanism for most of these injuries involves hyperextension of the abdomen and/or hyperabduction of the thigh, and the pain occurs primarily with exertion, often in multiple locations, rarely involving the internal ring. The cutaneous nerves include the iliohypogastric nerve (sensory to the lower abdomen), the ilioinguinal nerve (sensory to the groin), and the genital branch of the genitofemoral nerve (sensory to the scrotum and labia) [24] . Muschawek reported that posterior inguinal swelling exerts pressure on genital nerve and this might cause pain [7, 31] . This nerve irritation produces a dull or burning pain that radiates into the inner thigh or scrotum. In addition, external oblique defects traumatize ilioinguinal and iliohypogastric nerves resulting with inguinal pain [30, 32] (Figure 2 ). As it is understood, this condition cannot be explained with only one mechanism. Muscular imbalances in high performance athletes, coordination disorders, excess weight and continuous training, irregular training are among important factors resulting with groin pain. The symphysis pubis is a nonsynovial-lined, amphiarthrodial joint located between the two pubic bones. Biomechanical analysis of the pelvis has revealed that the innominate bones function as arches, thus transferring the weight of the upright trunk from the sacrum to the hips. The exact cause of this condition is unclear; however, it appears that the overuse related to kicking and running results in shearing stress at the symphysis. Traction, micro trauma and instability of the sacroiliac joint and symphysis pubis can be the possible causes of osteitis [19, 33] . The four main hypotheses for the cause of postoperative osteitis pubis include trauma, impaired vascular circulation, trophic bone changes related to a causalgia-like mechanism and infection [17, 20, 34] . Osteitis pubis is the result of intraoperative trauma to the symphysis and its muscular attachments either from surgical instruments or retractors [16, 22, 34] . In Marshall-Marchetti-Krantz procedure, in which sutures are placed directly into the periosteum or cartilage of the symphysis pubis, osteitis pubis is uncommon [35, 36] .
Physical examination
In sports hernia, moderate pain and discomfort in the region of inguinal area associated with exertion, sneezing and coughing are mostly noted. These are usually abated with rest. The presenting symptom develops during exercise, aggravated by sudden movements. Pain persists after a game, abates during a period of lay-off, but returns on the resumption of sport [37] . In physical examination, physician should evaluate inguinal hernia, pubis, rectus abdominis, hips and adductor muscles. In addition, local tenderness at the conjoined tendon, pubic tubercle, or inguinal canal might be observed. On examination, the athlete usually has pain with passive stretch of the adductors and pain on adduction against resistance. The athlete will often have pain with resisted sit-ups and resisted hip adduction [37] . Coughing, sneezing, and other Valsalva-type maneuvers often worsen the pain. Over the conjoined tendon or medial inguinal canal, the distal rectus insertion, pubic tubercle, and/or adductor origin points are tenderness [38] . The most common finding is a dilated, tender internal inguinal ring, true inguinal hernia is rarely found (1, 6, 10) . But, the physician should exclude the presence of an inguinal or femoral hernia. The onset of complaints, the types of movements causing pain, measures for avoiding pain, time of resting and acts for coping with pain should be learned in details. A true herniation is rarely seen in this group of patients; the base of inguinal canal is weakly detected and might be sensitive [39, 40] .
The diagnosis of osteitis pubis is based on typical clinical symptoms and abnormal radiographic findings. Common clinical symptoms are suprapubic pain, difficulty, and pain with ambulation. Pain can occur while walking, radiating to the perineal, suprapubic region [41, 42] . The anterior portion of the pelvis and the adductor muscles are tender and spasm may accompany. Pain is usually radiates to the suprapubic area and the adductor surfaces of the thighs and it usually begins ten days to two months after an operation upon the urinary bladder [43] . Pain is the primary symptom associated typically with difficulty in ambulation and the characteristic "waddling gait" [42, 44] . Symptoms may develop from 1 to 8 weeks after the initiating event. The duration of the signs and symptoms is related to the severity of the inflammation and the response to therapy after the appropriate diagnosis is established [42] . Laboratory findings may be mild leucocytosis, raised levels of acute phase proteins (fibrinogen, C reactive protein), and increased erythrocyte sedimentation rate.
Diagnostic test
Diagnostic tests are required to rule out other pathologies associated with lower abdominal, hip or groin pain. After a complete history and physical exam, the patient should have a complete blood count, urinalysis, and ultrasound of the groin firstly. Diagnostic imaging includes an erect pelvic radiograph (X-ray) with flamingo stress views of the symphysis pubis, real-time ultrasound and, occasionally, computed tomography (CT) scanning and magnetic resonance imaging (MRI), but seldom contrast herniography [25, 37] . The patient is examined with USG while lying in a supine position. A high-resolution linear array transducer of 10 MHz or greater frequency is recommended [15] . Other imaging tests occasionally performed can include nuclear bone scan, limb leg measurement.
A standard athletic pubalgia protocol includes coronal and axial large field-of-view fluidsensitive, fat-suppressed images that should adequately cover this region and identify the injury and this MRI protocol is generally adequate [45] . Stress fractures, tendon avulsion and hip arthrosis might be detected by x-ray, and ultrasound might show incipient inguinal hernia. If physician suspect bone tumours, hip ring pathologies, spine or retroperitoneal problems may want to see CT. Hip problems and bursitis, MRI be the best choice in determination of aetiology of inguinal pain in sports but it may be normal in sport's hernia [45] . Pelvic MRI might give more detailed information regarding the condition of pelvis and soft tissue, alterations due to edema and stress, muscle tears, adductor muscle groups, and the location of pubis muscle insertions. An advantage of USG assessment is that this method may show the dynamic movements of inguinal floor with the help of Valsalva maneuver. If the results of these tests are negative and the symptoms continue with sports hernia symptoms, a laparoscopic preperitoneal exploration might be carried out [11] .
Early in the course of osteitis pubis, radiographs are typically normal [19] . After approximately 6 months, x-rays of the symphysis may show a frayed appearance of the pubic periosteum, loss of cortex, widening, erosions, and sclerosis along the articular border [15, 35] . These findings included erosion, rarefaction, resorption, and sclerosis of the pubic bones. In its early stages, osteomyelitis presents similarly to osteitis pubis and its make the diagnosis difficulty. Close monitoring of patients diagnosed with osteitis pubis is recommended in these patients. If a question about the diagnosis exists, computed tomography-guided pubic bone aspiration for culture is advocated [22] . The athletes who have this disease with normal AP radiographs had bone scans that demonstrated increased radiotracer (99mTc) uptake throughout the area of the symphysis pubis as a characteristic of osteitis pubis. A bone scan, which is more sensitive than radiography, usually shows the increased uptake in the pubic bones on both sides of the symphysis and pubic ramus, often before any radiographic changes are seen [46, 47] [48] . MRI and computed tomography scans can show inflammatory changes in the bone. MRI illustrates joint-space alteration, articular surface irregularity, para-articular marrow edema and extrusions of the symphyseal disk and includes low intensity signal on T1 weighted and a high intensity signal on T2 weighted images [49] . Sclerosis has low intensity signal on both T1 and T2 weighted images [50] . (Figure 3 ) High-resolution MRI and ultrasound may identify subtle tears and defects within one or more of the structures that inserts around the groin region [15] . MRI appearances in osteomyelitis and osteitis are similar in the initial stages. Both osteitis pubis, an inflammatory disease, and osteomyelitis, an infectious disease, can appear in one patient at the same time. In these cases, biopsy and culture may be necessary to make a differential diagnosis [18, 49] .
MRI and ultrasound (US) can be used to exclude co-existing abnormalities in the patients undergoing a groin repair. Bilateral abdominal abnormalities on ultrasound may appear to be a valid marker for inguinal pain and the anatomic injury [51] . According to the location and morphology of the patient medium to high-frequency linear probes can use and colour Doppler examination may be useful. Investigation carried out in dynamic conditions (coughing and the Valsalva maneuver) may important. Additionally US can show the reinforcement positioned in the area of wall weakness after surgery [52] . Posterior inguinal wall deficiency can be demonstrated sonographically, as the contraction of the anterior abdominal wall results in loss of the normal valve-like effect of the canal [15] (Figure 4 ). Groin Pain in Athletes -Sports Hernia and Osteitis Pubis http://dx.doi.org/10.5772/58621 117
Management
In both conditions, the first treatment choice is resting and standard conservative treatment.
In sports hernia, it is important to determine the movements causing symptoms and avoiding them. Conservative treatments are effective in relieving pain and returning the athlete to normal sports activities. This approach might involve the application of heat or ice, stretching and strengthening exercises, analgesic medications and other physical-therapy interventions. In elective cases, the use of corticosteroids and local analgesics might relieve symptoms. [24, 31] . A number of different modified repairs of the posterior wall deficiency have also been described [30, 37] . Groin reconstruction operation consists of a Maloney darn hernia repair technique, repair of the conjoint tendon, transverse adductor tenotomy and obturator nerve release [37] . Laparoscopic mesh repair technique is also used. In this technique, synthetic and biological meshes, which have been advocated to reinforce the posterior wall of the inguinal canal, are preferred [53, 54] . Rehabilitation treatment is important in the post-operative course. On the other hand, sutureless tension-free hernia repair with fibrin glue may be the choose for treatment of hernia [55] Rehabilitation programs in which activities are gradually increased in the 5-8 weeks period are utilized. Specific rehabilitation targeted at abdominal strengthening, adductor muscle flexibility, and a graduated return to activity. Rehabilitation may takes about 3 months after surgery [24, 37, 56] .
Management of osteitis pubis can be difficult; whether to make conservative treatment or surgical intervention is controversial. Conservative treatment usually involves rest, oral medication with non-steroidal anti-inflammatory drugs, daily use of therapeutic modalities a progressive rehabilitation programme [57] [58] [59] . Earlier return to full activity has been reported injection of corticosteroid and local anaesthetic [21, 60] . Complete recovery can take over a few months. Curettage, arthrodesis, wedge resection and wide resection are described for surgical intervention of osteitis pubis [41, 61] .
In conclusion, sports hernia and osteitis pubis are particularly common among athletes making sports with excessive load on their muscles that may compromise their professional careers. Being cautious while training and making exercises might be helpful at preventing such injuries. The diagnosis of these conditions might be easily mixed up with the other causes of groin pain. Treatment is substantially conservative or surgical intervention might be preferred in some cases if required.
